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A D-C VACUUM-TUBE VOLTMETER 

• CIRCUIT DESIGN AND TEST- 

I N G in radio and electronic eqiiipinent 
involves the measurement of a numlier of 
d-c voltages, ranging in magnitude from a 
fraction of a volt to several thousand 
volts, assmdated with imjx*dance from a 
few ohms to many megohms. The advan¬ 
tage of using a vacuum-tulxi voltmeter for 
these measurements is the assurance that 
no jH>wer is drawn from the circuit under 
test and hence that the indicated voltage is the actual circuit voltage. 
The Type 728-A D-C Vacuum-'rube Voltmeter shown in Figure 1 main¬ 
tains this advantage over a voltage range of approximately 60.000:1. 
The minimum voltage 
that can l>e measured 
with this meter is O.OS 
volt, and the maxi¬ 
mum is 3000 volts. 

For voltages up to 30 
volts the input resist¬ 
ance is over 5000 
megohms; for voltages 
above 30, it is 1000 

ies, it is a companion 
instrument to the 
Type 727-A A'acuum- 

Fi<;i RE 1. View of the 
'I'veK 728-A Vaciiiim- 
'I’lihe V^dlnlele^ with 
cover open. 
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megohms. Operated 
from internal batter- 
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2. Typical grid current cliararteriniir 
for the ainplifier tube. 


'rnlM‘ VolliiicliT,' for uh* voltage iiiea^- 
im^nicnts up to KM) inegarydes anti the 
'I'yte 729-A Megoliinmelcr* (2()(M) oIiiiih 
I t) 50,000 megoliiii8). Tliest* three meters 
t'oniprise a group tif Hiiiall. |N>rtuhle, 
aet'urate instruments for use in the 
Ia))oratory' or in llie liehl where |M»wer 
lines are not aeee8sil)le. 

An analysis of the input eireuil t>f a 
iIh; vacuum-tiiiie vollmeter diseloses 
that grid current* in the amplifier IuIm* 
must be kept at a minimuni to obtain 
high input resistance, but of etpial im* 
|Nirtanee is the leakage path lie tween 
input terminals tine to wiring. aneht)r 
terminals, switt*hes, etc. Here, a choice 
of materials that maintain high resist¬ 
ance in the face of a<lverse humidity'* 
conditions is ini|xTative. The grid cur¬ 
rent in the amplifier tid>e is a function of 
tulR* type, opi*rating conditions, and cir¬ 
cuit arrangement. If the grid current of 
an individual tube is plotted against grid 
Idas, a curve of the general sha^M* slum n 
in Figure 2 will Ik‘ obtained. It will be 
noted that at one |K>int (ci) there is no 


grid <'urrt*nt, and the input resistance, in 
so far as grid current is concerned, is 
infinite. But, to o|)crate the tube over a 
range of input voltage, the grid bias 
must change. It is therefore advisable 
to select a suitable range over which tiK* 
bias change wcurs and, as is done in the 
circuit of the Type 728-A D-C Vacuum- 
'rulx* Voltmeter, to introduce a large 
amount of ilegeneration in order to limit 
the re<piin‘d bias in<*rement (e.g., h to c 
in the figure) and so to prevent opera¬ 
tion <>ver a region of high grid current. 

(her the three lower voltage ranges 
of the Type 728-A I)-C Vacuum-Tube 
Vollmeter (0-3, 0 10, and 0-30 volts), 
the input terminals are connected di¬ 
rectly to the «»|KMi grid of the tulw. 
While manufacturing controls assure an 
input resistaiHx* in excess of 5(M)0 meg¬ 
ohms, the usual input resistance is about 
20.(KM) megohms. This liigh resistance 
has an interesting efTect which may at 
first seem strange: if a potential of, say, 
ten volts is ap[)lied to the input termi¬ 
nals and then removed, the meter will 
continue to indi(*ate the ten volts for 
fierhaps a minute or longer. This mreurs 
l)ccause the capacitance from grid to 
ground lK*coines charged and, in view of 
the very large leakage resistance, it 
simply takes time for the capacitor to 
ilischarge (HC = 10,000 X 10« X .01 X 
10“ * = 100 si*conds). Of course, as s<K)n 
as the input terminals are shorted, or 
shiinteil with the external circuit under 
test, the meter reading drops to rxTo or 
to the value of the |K>tential l>eing 
measured. 

To extend the voltage range upward, 
a voltage divider is switched between 
high-voltage terminals and the vacuum- 
tulie voltmeter circuit. The input resist¬ 
ance of the instrument for the 0-100, 
0-300, 0-1000, and 0-3000 volt ranges is 
1000 megohms. 'I'he choice, treatment. 
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adjuBtment, and mounting of lli<* resis¬ 
tors used for sueli a high-voltage divider 
are of {laramoiint im|)ortanee. 'I'lierc are 
considerations of voltage and leni|iera- 
ture coefficient, of aging and moisture 
proofing. The resistors in the Typk 
728-A Voltmeter were carefully selected 
with all of thes<* considerations in tiiintl. 
They are spirally grtxived and, lie fore 
final selection, are subjected to artificial 
aging cycles and to impregnation. 

In addition to the major design con¬ 
siderations, various features have l>een 
incor|)orated to increase the usefulness 
of the instrument. An K-C filter |H*rmits 
the measurement of d-4* voltages in spite 
of sufierimposed a-c potentials as high as 
200 volts. A [Hilarity switch obviates the 
necessity of transposing meter connec¬ 
tions and. when desirable, [Hermits 
grounding either pole to the meter panel. 
This is extremely useful when checking 
an electronic circuit where various [Xi- 
tentials of dilTerent [Hilarity to ground 

It \ : t K It 

1. W. N. Tutile. "nir Ty|M? 727-A \ ih uuiii-TuIn- VoU- 
mrlrr,*’ Cf'nrral Ka«li«i Hxf»rrimfnirr, Vnl. XVI. N«*. 12. 
Mst. 1942. 

2. % . N. Tuttir. **A i'nrtaltlr Mpguhminrtc'r.*' Crneral 
Raiii.> Exp^imem^r. V«il. \V. No. 2. July. 1910 . 

S. ^ . B. Niitlingham. '*Mi*a»urrtnrnl of Small I)-!' Po- 


must lie determineil. All batteries are 
contained in the small cabinet, and a 
sini[)le switch manipulation determines 
the battery condition and warns the 
o[H*rator when the batteries must be 
re[»la<*ed. whether liecause of low voltage 
or excessive battery resistam’c. To safe¬ 
guard the batteries, the [lower sw'itcb is 
automatically turned ofT when the in¬ 
strument cover is closed. 

1’he Typk 728-\ D-C V acuum-Tube 
Voltmeter fills the need for a voltmeter 
of very high in|)ut resistance that can be* 
iisimI for checking small tiiln* bias poten¬ 
tials or high cathode-ray accelerating 
voltages, automatic volume control, or 
automatic fre([uencv control circuits, 
f-rii discriminator circuits or, in general, 
the d-c voltagi*s that ap[x*ar in any setup 
in the lab<»ratory or in the field. Further¬ 
more, these voltages can Iht measured 
with the a.ssurance that the input resist¬ 
ance of the voltmeter will causi? no error. 

— A. G. Housquet 

I: N (; I: s 

irnltaU ami Currriil* iii High Krjtinlaiii'i; by LUiiig 

Variiuiii Tubm.** Journal of tlir Franklin In-liloli*. Vnl. 209, 
No. .1. March. I9.X). pp. 2A7 .118. 


I. K. F. t'lehl. "'n»r F.flfccl of liuiaMlil> im Klc«'lriral 
MraiMirrnienta,'* <>en«>ral llarfn* Kxptrimmirr, Vol. Will. 
No. .1. Aiigift. 1913. 
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SPECIFICATIONS 


Range :0.05 to 3<MN) volts in seven ranges (3, 10, 
.30, KM), 3<M), KKM), 3(KK) volts, full scale). 

Accuracy: Viithin d:3% of full scale for the 
lower voltage ranges (3, 10, 30 volts, full scale). 
^ ithin of full scale for the higher voltage 

ranges (KM), 3(M), KMM), 30(M) volts, full scale). 
Battery aging may irause an additional error of 
2% of full scale on the 3-volt range. 

Input Rfsistanci: KM)0 megohms on the higher 
voltage ranges (KM), 300, KMM), 30(M) volts, full 
scale), (rreater than 5000 megohms on the low 
voltage ranges. 

Terminals *. Two sets of input terminals are pro¬ 
vided on the nanel. One set is used for measure¬ 
ments at the low voltage end of the range (0 to 
30 volts) and the other set is used for the higher 
voltage measurements (30 to .3(MM) volts). 

Polarity: A reversing switch on the panel (>er- 
mits measurements with either the positive or 


the negative terminal of the source grounded 
to the panel of the instrument. 

Efioct of A*Cr A Biiperimfiosed a-c voltage of 
as high as 2(M) volts has a negligihle effect on 
the meter indication. 

Tubo: The tube, a type 1K5-GP, is siipplie<l. 

Batteries: The batteries require«l are three 
Burgess W30BP or equivalent and one Burgess 
F2BP or e<piivalent. A compartment is tm>- 
vided in the rase of the instnimeiit for homing 
all batteries. A set of batteries is supplied with 
the instrument. 

Mounting: The instrument is supplie<l in a wal¬ 
nut case with cover and is mounted on an en¬ 
graved black crackle-finish aluminum panel. 

Dimonsions: ^ ith cover closed, (length) II x 
(width) 6^ X (height) 5J^ inches, over-all. 

Not Weight: 9*<| pounds, including batteries. 


Type _ Onie IT'orc/ _ Prite 

728-A I O-C Vacuiim-TulK' Voltmeter. . j Piurr j $1 lO.CM) 


MUTUAL INDUCTANCE MEASUREMENT WITH 
THE TYPE 650-A IMPEDANCE BRIDGE 

ftedance Bridge provides a rapid means 
of cheeking inductors, capacitors, and 
resistors with an acc.uracy siiflficient for 
nearly all commercial requirements. In 
atidition, this bridge can l>e adapted for 
many specialized measiux^ments l)eyoiid 
the scojie of its original design. \ goml 
example is furnished hy a problem 
reimtly eiicouiileretl in the measure¬ 
ment of the mutual inductamv of auto¬ 
motive ignition coils and magnetos. 

A Typk 6.50-a lm|NMlanee Bridge was 
available for this measurement, and a 
consideration of the circuit showed that 
the instrument could easily Im* convertetl 

Pioi RE I. View of the'rvpR 65()- \ lm|»cdunrr 
Brifige. 

Copyrighl, 1911. G»«ti«ral Hndio OaniMny 
(lamlHidap. Maiut.. 1. S. A. 


• IN BOTH THE LABORATORY 
ami the faelory, the Typk 6.50-\ Im- 
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FiGt'KR 2. Sclieniutir rirriiit (JiM;;runi for tiu' 
'rvPK 6.'iO-A Krid{;e an uk<mJ ftir 

(’apniMtanrc mnnMiiromenti^. 

lo a Carey-Foster ly|M' of iiititiial iniliie- 
lanee bridgt*.'*' 

Tlie scliematie bridge eirciiit for capac¬ 
itance measiirenients is shown in Figure 
2. 'lo eonverl lo a Carey-Fosler bridge, 
the A-arm is shorted, and the unknown 
inductor and an external resistor are 
eonneeled as shown in Figiin* Short¬ 
ing of tlie \-ann is aceoinplislied by eon- 
iieeling the jiinelioii ./ to the high FA'!' 
DK'f terminal or to the low CL lenni- 
nal. One winding of the ignition coil is 
eonneeled lo the CL lerininals in series 
with the external resistor. 'File other 
winding is placed in S4*ries with the 
head telephones. 'Fhe external resistor 
may, for eonvenienee, Ik* a decade resist¬ 
ance 1 m)x of lOO.lMK) ohms maximum 
selling. A known fixed resistor of suit¬ 
able magnitiiile is equally satisfaelor>. 

Balance is obtuine«l by varying tht* 
CRL dial and either the I) or the 1)0 
dial. 'Fhe mutual indiietanee. \/, is then 
given b\ 

‘ M = -h /f£.)LV 

*Othcr iitellHMiM of ntrmimrinf mutual tn«iurtam-e urrr 
rliM'UM^d in an arlnrlp by K. K. l-irld. ’’I'hjr Mcaniircmrni nf 
Mutual Indui'tanrr.** t^nrral Kailm F-tprrimmtrr, Jan- 

uarr, 1917. 


where R\ is the rea<ling of the CRL dial 
multiplied by 100(), Rh i» the external 
resistor in the B-arm, Rl 'i^ the effective 
resistance of the inductor, and Cp is the 
eapaeitanee of the standard mica eon- 
denst*r in the P-arni, 10farads. 

The inductance of the winding con¬ 
nected in the P-arm can be determined 
from the expression 

L = (ftv -f Rr)(RB + Rl)Cp. 

The resistance Rp de|x*nds iqion the 
st^tling of the 0 or DQ dial at balamx*. 
'Fhe choice of the dial lo Ik* used is de¬ 
termined by the resistance needed for 
balance. The maximum resistance of the 
I) dial is 1650 ohms, while that of the 
DQ dial is 16,500 ohms. 'I'he magnitude 
of Rp is calculated from the expression 


6.28 X 10-" 

where /) is the ilial rt*ading multiplietl 
by the factor indicated b\ the mulli|»lier 
switch setting. 

'Fhe resistance, /<«, of the det ade box 
should Ik* large (ompared to R/, the 
efTeelive resistance of the coil under 
measun‘menl, so that Rt can Ik* neg¬ 
lected. For this comiilion, 

U = RxRnCp 


Figi RE 3 . \l«Mlilii*uli«»ii of ihi* 1 ‘ireiiit t»f Figure 
2 for nieaMirements of mutual imluelaiiee. 
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and 

L = (Rs -h Rp)(RbCp). 

When Kl is not negligible compared to 
ffjj, the inductance and storage factor 
Q of the coil can be first measured with 
the bridge connected for inductance 
measurement, and the value Rl then 
calculated. 


In the particular application referred 
to above, the measurement of ignition 
coils, it was found that the low tension 
coil should be connected to the P-arm 
of the bridge in order that balance Lie 
within range of the liridge controls. 

— L. E. Packard 


CHICAGO DISTRICT OFFICE 
920 South Michigan Avenue 


• AS MANY OF OUR READERS 

in the Chicago area know', the General 
Radio Company has L>een operating an 
Engineering and Sales Office since De¬ 
cember 1, 1943, on South Michigan 
Avenue. Mr. L. E. Packard from our 
Camliridge engineering staff is in charge, 
and is already w ell known to many of our 
Chicago friends. Mr. Packard is thor¬ 


oughly acquainted with the uses and 
appfications of General Radio products, 
and is always glad to pass along tech¬ 
nical information gained through his 
experience in the measurement field. The 
facilities of the office are available not 
only to our customers in greater Chicago, 
but to all in the Mid-W^est area who find 
it more convenient to communicate with 




lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • fax: (516) 334-5988 













7 


DECEMBER, 1944 


our (Ihiirago office than with tl)e main 
ofTu*e at Cambridge. 

A dcmouBtration laboratory i^ main¬ 
tained in which many of our latest in¬ 
struments may Ik? inspected and tested 
under operating conditions. New ecpiip- 
rnent will he on display as it b<.‘comes 
available. Arrangements can also Inr 
made to have some of the smaller in¬ 
struments demonstrated in customers’ 
plants. 

Our ofFiix* in Cliicago is in a (M>sition 
to give valuable and prompt assistance 
regarding price and delivery, as well as 
to advise regarding Government restric¬ 
tions on the purchase of equipment. 

Oct'asionally an engineering confer¬ 
ence meeting at the office on a subject of 
inten*8t to a particular gmup of engi¬ 


neers will Ik? arranged. Space permits 
a maximum of alM>ut fifty (K?ople to b<? 
ac<.*ommodated. Meetings on the subject 
of sound and vibration, as well as on new 
broadcast station monitoring equipment, 
were held early in October of this year. 

Mr. Packard is often able to offer sug¬ 
gestions that are useful in keeping Gen¬ 
eral Radio equipment in satisfactory 
operating cx>ndition, or, when repairs 
are necessary, to arrange for the work 
to be done at our factory. A small shop 
for minor emergency repair work is main¬ 
tained at Cliicago. 

Parking space, an im|)ortant consid¬ 
eration in congested cities, is available 
at the rear of the office building, and may 
be used by visitors who wish to drive to 
the (Chicago oflice. 


MISCELLANY 


• TO THOSE WHO CALL on u» 

at our new address the accompanying 
sketch may Ik? helpful. It shows our new 
front floor in relation to our old one. 


Congratulations to W. L. Everitt on 
liis election to the presidency of tlie 
Institute of Radio Engineers. Dr. Ever- 
itt’s ref'ent article in the Procvetlings oj 
thv /. H. E. on engineering education has 
proved a timely one, and has stimulated 
a good deal of discussion. At a recent 
meeting of the Boston Section, repre¬ 
sentatives of both education and indus¬ 
try gave their views on the subject for 
over two hours, with plenty of |KM>ple 
asking to be heard wlien tin* meeting 
adjourned. 


’The nature and behavior of dielectrics 


is a subject of considerable im|iortance 
to the radio engineer, and research on 
dielectrics has naturally lK*en stimulated 
by the war. One of the leaders in this 
field is General Radio’s Robert F. Field, 
who has delivered s€‘vcral papers on the 
subject before technical societies. Mis 
latest: "The Behavior of Dielectrics 
Over Wide Ranges of Frcfjuency and 
Temperature," at a meeting of the Basic 
Science Group of the A.I.E.E. at New 
York on November 9, 19H. e ho|)e to 
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publisli some of this material in the 
Exfwrimenter soon. 


At the National Kleetronies Confer- 
enee held reecnlly in Chieago, |)aj)ers 
were prestmled hy two (General Radio 
engineers. II. II. Seoll’s |»a|)er, entille<l 
^'Audible Audio Distortion/’ was de¬ 
voted to distortion caused by intermod¬ 
ulation and to methods hy which it can 
hi^ measured. D, B. Sinclair discussed 
’^Viride Range Tune<I Circuits for High 
Frequencies,” covering not only the 
butterfly circuits recently described by 
FAluard Karpins in the Experimenter^ 
but also some later cylindrical circuits 
that we hope will soon apjx^ar in the 
Experimenter. Mr. Scott also held two 
conferences at the General Radio Chi¬ 
cago Office, one on vibration measure¬ 
ments and the other on broadcast sta¬ 
tion monitoring equipment. At a meet¬ 
ing of the Chicago Radio Frigineers 
Club, Mr. Scott spoke on ^'Tlie Pulsing 
of Standard-Signal Generators.” 


Representatives from our district en¬ 
gineering offices, F. Ireland from Los 
Angeles, L. E. Packard from Chicago, 
and M. A. Gilman from New A’ork. have 
recently completed a visit of several 


ilays to the main office in (Jamhriilge, 
getting posted on new developments in 
engineering and manufacturing. L'p-to- 
tlate information on instrument |)er- 
forinance and delivery dates is available 
at each of our hram'h offices. In aildi- 
lion, the engineer in charge has a con¬ 
siderable background of exjierience in 
the a[q)lic.ation of GR instruments to 
customers’ problems. If you are localeil 
in or near New ^ ork, Chicago, or Los 
Angeles, we urge you to make use of our 
district office facilities. 


\oii may not have heard of our 
”reservation-order” system, which has 
l>een in effect for some time on broad- 
casi equipment and w Inch has now been 
extended to cover all of our [iroducts. 
Vi e are glad to receive your non-priority 
order now for shipment later on when 
war conditions jiermit. We are receiving 
a substantial number of these reserva¬ 
tion-orders w Inch we file in chronological 
sequence and which we will fill liefore 
any new orders for similar material. If 
you are anticipating your postwar re- 
([uirements, send us your reservation- 
order now. It is understooiL of course, 
that these orders may be canceled up to 
sixty days before shipment is to be made. 


T he General Radio EXPERIMESTEH is niaileil uithont charfSe eat'h month 
to enaineers^ scientists^ technicians, and others interested in commnni- 
cation •fre€inency measurement and control problems. If hen sendinfi 
rexpiests for suhscriptums anxl address-change notices, please supply the 
fidloicing information: name, company name, company address, type of 
business company is engaged in. anti title of position of indiviilual. 


GENERAL RADIO COMPANY 

27 5 MASS. AVE. CAMBRIDGE 39. MASSACH USETTS 



BRANCH ENGINEERING OFFICES 
90 WEST STREET. NEW YORK CITY 6 
920 SOUTH MICHIGAN AVENUE, CHICAGO 5. ILLINOIS 
1000 NORTH SEWARD STREET. LOS ANGELES 38. CALIFORNIA 
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